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Growth and population dynamics model of the Mediterranean solitary 
coral Balanophyllia europaea (Scleractinia, Dendrophylliidae) 
  
Goffredo S., Mattioli G., Zaccanti F., 2004, Coral Reefs 23: 433-443 
 
Alma Mater Studiorum – University of Bologna 
 
An adult of Balanophyllia europaea photographed in Calafuria (Leghorn, North Western 
Mediterranean Sea), at a depth of 6 m during a night dive 
5 mm 
Variation in the abundance of Balanophyllia europaea individuals 
according to depth on a rocky reef at Calafuria, eastern Ligurian Sea 
Mass length relationship in Balanophyllia europaea at Calafuria 
(Leghorn, North Western Mediterranean Sea) 
y = 0.0018x2.537
r2 = 0.865
N = 75
P < 0.01
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Variation in linear growth rate among individuals of the solitary coral 
Balanophyllia europaea at Calafuria (North Western Mediterranean 
Sea). From in situ field measurements of individuals during 2 years 
N = 62
y = -0.111x + 2.362
r2 = 0.223
P<0.01
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Variation in linear growth rate among individuals of the solitary coral 
Balanophyllia europaea at Calafuria (North Western Mediterranean 
Sea). From in situ field measurements of individuals during 2 years 
Coral length 
2 mm 
The arrow on the x-axis 
indicates  the coral length 
at which growth rate 
becomes zero; i. e., the 
maximum expected coral 
length in the studied 
population 
Von Bertalanffy Growth function (VBGF)  
Lt = L∞ (1 – e -Kt) 
“Gulland and Holt plot”  method for parameters estimation 
K = - slope = - -0.111= 0.111 
L∞ = intercept / (-slope) = 2.362 / 0.111 = 21.3 mm 
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Annual skeletal growth bands on specimen scanned using CT 
(computed tomography) 
Coral length = 7.5 mm 
Number of bands = 5 
hd = high density band 
1 mm 
hd 
hd 
hd 
hd 
hd 
Age determination in 
individuals up to 10 
mm in length is easily 
obtained by counting 
the skeletal growth 
bands  
Sagittal section of the polyp 
Annual skeletal growth bands on specimen scanned using CT 
(computed tomography) 
Coral length = 20.8 mm 
Number of bands > 14? 
2 mm 
Age determination in 
individuals larger than 
10 mm in length is 
much more difficult to  
obtain by counting the 
skeletal growth bands  
Sagittal section of the polyp 
“Ford-Walford plot”  method for parameters estimation 
K = -ln (slope) =  - ln (0.882) = 0.126 
L∞ = intercept / (1-slope) = 2.494 / (1-0.882) = 21.1 mm 
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y = 0.882x + 2.494
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Von Bertalanffy Growth function (VBGF)  
Lt = L∞ (1 – e -Kt) 
N = 7 
P < 0.001 
Age 
(years) 
Length 
at time 
t (mm)  
Length 
at time 
t+1 (mm) 
2 4 6 
3 6 7 
4 7 9 
5 9 11 
6 11 12 
7 12 14 
8 14 14 
9 14 
Age-specific growth curve obtained from application of the Von Bertalanffy growth model to linear 
extension rates measured in the field, and comparative data from CT imaging of skeletal bands 
Age-Size relationship in the solitary coral Balanophyllia europaea at 
Calafuria (North Western Mediterranean Sea) 
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Von Bertalanffy function from field
measurements of growth rates 
Age–length plot from CT analysis of
growth bands 
Von Bertalanffy function from CT
analysis of growth bands
NGBA = 37
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Age-frequency structure and survival curve of the solitary coral 
Balanophyllia europaea at Calafuria (North Western Mediterranean) 
N = 1814 
Surveyed area = 115 m2 Determination of the rate of mortality (Z) 
ln Nt = at + b 
Nt = numbers in each age class 
t =  age 
Z = - a 
b =  natural logarithm of the number of 
individuals at age zero (N0) 
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y = -0.275x + 6.690
R2 = 0.935
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Age at sexual maturity 
50% of individuals are under or 
at the age of sexual maturity (data 
on reproduction are from Goffredo et al. 2002, 
Marine Ecology Progress Series, 229: 83-94 ) 
Largest individual observed 
(19 mm length) 
Age classes 
excluded from the 
mortality-rate 
analysis  
N = 13 
P < 0.001 
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Age-frequency structure and survival curve of the solitary coral 
Balanophyllia europaea at Calafuria (North Western Mediterranean) 
N = 1814 
Surveyed area = 115 m2 
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Mean age of individuals in the population (turnover time) = 1 / Z = 1 / 0.275 = 4 years 
 
Maximum longevity of individuals = 20 years  
Survivorship curve for members of 
this population: 
 
Z = 0.275 
 
N0 = e 6.690 = 804.3 
 
Nt = N0e–Zt = 804.3e-0.275t 
Beverton and Holt  model 
 
cohort yield = individual mass at age t x percent survival at age t 
 
Based on the rates of growth and mortality for a population, the model predicts that a cohort of organisms 
will gain weight until a point (i.e., age/size) is reached where growth gains are overtaken by mortality 
losses. Maximum production by the cohort occurs at the point where losses due to mortality equal gains 
from growth. As the cohort ages and reaches a point of maximum longevity, production declines to zero. 
Age (years) Length (mm) Dry skeletal mass (g) Survivorship Yield (g rec.-1)
0 0.0 0.00 1.000 0.000
1 2.2 0.01 0.760 0.011
2 4.2 0.07 0.577 0.040
3 6.0 0.17 0.438 0.075
4 7.6 0.31 0.333 0.104
5 9.1 0.48 0.253 0.122
6 10.3 0.68 0.192 0.130
7 11.5 0.88 0.146 0.129
8 12.5 1.10 0.111 0.122
9 13.4 1.31 0.084 0.111
10 14.3 1.53 0.064 0.098
11 15.0 1.73 0.049 0.084
12 15.7 1.93 0.037 0.071
13 16.3 2.13 0.028 0.060
14 16.8 2.30 0.021 0.049
15 17.3 2.47 0.016 0.040
16 17.7 2.63 0.012 0.032
17 18.1 2.77 0.009 0.026
18 18.4 2.91 0.007 0.021
19 18.7 3.03 0.005 0.016
20 19.0 3.15 0.004 0.013
Point of cohort maximum 
production 
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Comparative demography of mushroom corals (Scleractinia: 
Fungiidae) at Eilat, northern Red Sea 
 
 
Chadwick-Furman N. E., Goffredo S., Loya Y., 2000, Journal of Experimental Marine Biology 
and Ecology 249: 199-218 
 
Goffredo S., Chadwick-Furman N. E., 2000, Bulletin of Marine Science 66: 241-254  
 
Goffredo S., Chadwick-Furman N. E., 2003, Marine Biology 142: 411-418 
 
 
Interuniversity Institute for Marine Science (Eilat, Israel), Tel Aviv University (Tel Aviv, Israel), Marine 
Science Group, Alma Mater Studiorum – University of Bologna (Italy, European Union)  
Fungia (Danafungia) spp. photographed in Eilat (northern Red Sea), at 5 m depth 
__ 30 mm 
Scheme of fungiid life cycles 
Solid arrows indicate phases in the sexual reproduction; broken arrows mark possible stages 
of asexual reproduction; the dotted arrow symbolizes a short-cut (from Hoeksema 1990)  
Depth ranges and relative abundances of mushroom corals on a 
fringing reef at Eilat   
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Mass length relationship in five taxa of mushroom corals at 
Eilat, northern Red Sea 
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Ctenactis echinata Fungia scutaria 
Fungia fungites Fungia (Danafungia) spp. 
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Variation in linear growth rate among individuals of the mushroom 
coral Fungia granulosa. From in situ field measurements of individual 
corals during 0.5-2.5 years on a reef slope at Eilat, northern Red Sea 
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Coral length (mm) 
VBGF:  Lt = L∞ (1 – e -Kt) 
“Gulland and Holt plot”  method 
for parameters estimation: 
K = - slope = 0.1095 
L∞ = intercept / (-slope) = 118 
mm 
P < 0.001 
Aboral view of skeletons of the 
mushroom coral Fungia granulosa, 
showing externally-visible growth 
rings. Scale is in cm. 
 
(A) Coral on left is 2 years old, 
coral on right is between 1 and 2 
years old. (B) Coral is at least 7 
years old. After about 6 years 
growth, the rings became too close 
together to distinguish externally 
Sizes of individuals of different ages in a population of the 
mushroom coral Fungia granulosa, at Eilat (northern Red Sea) 
Age-specific growth curves obtained from application of the Von 
Bertalanffy growth model to linear extension rates measured in the field, 
with comparative data from skeletal rings  
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Growth curves (age-length and age-mass relationships); 
open circles represent age-length data from growth 
rings; Lm: asymptotic length, K: growth constant, Wm: 
asymptotic mass, NGRA: number of corals examined for 
growth ring analysis, SE: standard error. 
 
Population age structure; arrows indicate mean coral 
age in each population; N: sample size, Z: instantaneous 
rate of mortality, r2: coefficient of determination of the 
semi-log regression from which the Z value has been 
estimated.  
 
Survivorship curves and population yield in dry skeletal 
mass. 
Population dynamic parameters of 4 
taxa of mushroom corals at Eilat, 
northern Red Sea 
Age (y) C.e. F.s. F.f F.d. sp C.e. F.s. F.f F.d. sp
0.00 0 0 0 0 0 0 0 0
0.25 6 4 3 3 1 2 1 1
0.50 11 8 6 6 3 3 2 3
0.75 17 12 9 9 4 5 4 4
1.00 22 16 12 12 5 7 5 5
1.25 27 20 15 15 6 8 6 7
1.50 33 24 18 18 8 10 7 8
1.75 38 28 21 20 9 11 8 9
2.00 43 32 23 23 10 13 9 10
2.25 48 35 26 26 11 14 10 11
2.50 53 39 29 29 12 16 12 13
2.75 58 42 32 31 14 17 13 14
3.00 63 46 34 34 15 18 14 15
3.25 68 49 37 37 16 20 15 16
3.50 72 53 39 39 17 21 16 17
3.75 77 56 42 42 18 23 17 18
4.00 82 59 44 44 19 24 18 19
4.25 86 62 47 47 20 25 19 21
4.50 91 65 49 49 21 26 20 22
4.75 95 68 52 51 22 28 21 23
5.00 100 71 54 54 23 29 22 24
5.25 104 74 57 56 24 30 23 25
5.50 108 77 59 58 25 31 24 26
5.75 112 80 61 61 26 32 25 27
6.00 117 83 64 63 27 34 25 28
6.25 121 86 66 65 28 35 26 29
6.50 125 89 68 67 29 36 27 30
6.75 129 91 70 69 30 37 28 31
7.00 133 94 73 71 31 38 29 31
7.25 137 97 75 74 32 39 30 32
7.50 140 99 77 76 33 40 31 33
7.75 144 102 79 78 34 41 32 34
8.00 148 104 81 80 35 42 32 35
8.25 152 106 83 82 35 43 33 36
8.50 155 109 85 84 36 44 34 37
8.75 159 111 87 85 37 45 35 38
9.00 162 114 89 87 38 46 36 38
9.25 166 116 91 89 39 47 36 39
9.50 169 118 93 91 40 48 37 40
9.75 173 120 95 93 40 48 38 41
10.00 176 122 97 95 41 49 39 42
10.25 179 124 99 96 42 50 39 43
10.50 183 127 101 98 43 51 40 43
10.75 186 129 102 100 43 52 41 44
11.00 189 131 104 102 44 53 42 45
11.25 192 133 106 103 45 53 42 46
11.50 195 135 108 105 46 54 43 46
11.75 198 136 109 107 46 55 44 47
12.00 201 138 111 108 47 56 44 48
12.25 204 140 113 110 48 57 45 48
12.50 207 142 115 111 48 57 46 49
12.75 210 144 116 113 49 58 46 50
13.00 213 146 118 115 50 59 47 50
13.25 216 147 119 116 50 59 48 51
13.50 219 149 121 117 51 60 48 52
13.75 221 151 123 119 52 61 49 52
14.00 224 152 124 120 52 61 50 53
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Population dynamic parameters of 4 
taxa of mushroom corals at Eilat, 
northern Red Sea 
Asexual budding in fungiid corals 
Mushroom corals of the genus Fungia are capable of a 
unique and conspicuous form of asexual reproduction 
that results in many small buds attached to the 
skeleton of a parent polyp (Gilmour 2004) 
Growth curves (age-length and age-mass relationships); 
open circles represent age-length data from growth 
rings; Lm: asymptotic length, K: growth constant, Wm: 
asymptotic mass, NGRA: number of corals examined for 
growth ring analysis, SE: standard error. 
 
Population age structure; arrows indicate mean coral 
age in each population; N: sample size, Z: instantaneous 
rate of mortality, r2: coefficient of determination of the 
semi-log regression from which the Z value has been 
estimated.  
 
Survivorship curves and population yield in dry skeletal 
mass. 
Population dynamic parameters of 4 
taxa of mushroom corals at Eilat, 
northern Red Sea 
Modular growth of a gorgonian coral can generate 
predictable patterns of colony growth 
Goffredo S., Lasker H. R., 2006, Journal of Experimental Marine Biology and Ecology 336: 221-229 
 
Goffredo S., Lasker H. R., 2008, Coral Reefs, 27: 751-761 (named as best paper published in Coral Reefs in 2008) 
 
Alma Mater Studiorum – University of Bologna (Italy, European Union), The State University of 
New York (Buffalo, USA)  
Photographs of a Pseudopterogorgia elisabethae colony from San Salvador, Bahamas. The replicate photos are used to 
measure growth rates and determine the resilience of the species to harvesting. Grids are 10 x 10 cm.  
 Pseudopterogorgia elisabethae. Sampled sites and year of sampling (coordinates and abbreviations of sites in 
decreasing order of latitude): WE, West End (Natural Population), 26° 29’N, 78° 38’W, 2007; LR, Long Rock 
(Fished Population), 26° 10’N, 77° 35’W, 2007; CH60, Cross Harbour 60 (Fished Population), 25° 58’N, 77° 
20’W, 2007; CHR, Cross Harbour Ridge (Fished Population), 25° 57’N, 77° 21’W, 2007; SS, San Salvador 
(Natural Population), 24° 4′N, 74° 33′W, 1999.  

Dependence of biometric parameters on 
colony height in the gorgonian coral 
Pseudopterogorgia elisabethae 
 
(A)Colony dry mass 
y = 0.002x 2.075 
(r2 = 0.937; r = 0.968; p < 0.001; N = 81) 
 
(B) Colony base diameter 
y = 0.044x 0.519  
(r2 = 0.760; r = 0.872; p < 0.001; N = 81) 
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Growth rates of colonies of Pseudopterogorgia 
elisabethae from San Salvador, Bahamas, plotted as a 
Gulland and Holt plot for the estimation of Von 
Bertalanffy growth function parameters K and L∞   
 
The observations are independent of one another; i. 
e., a single colony contributes one point 
 
The ordinate is size increment per unit time [(H1-
H2)/(t2-t1)], and the abscissa are mean size for the 
increments in question [(H2+H1)/2] 
 
The linear regression of this plot produced the 
equation y = -0.0514x + 3.9526 (r2 = 0.062; r = -
0.250; p < 0.001; N = 181) 
“Gulland and Holt plot” method for parameters estimation: 
K = - slope = 0.051 
H∞ = intercept / (-slope) = 76.9 cm 
Von Bertalanffy Growth function (VBGF)  
Ht = H∞ (1 – e -Kt) 
Cross sections exhibiting annual growth rings of 
the base of the colony central axis in colonies of 
Pseudopterogorgia elisabethae 
 
Each ring is made up of 2 bands, one is light in color and 
thick while the other is darker and thinner. The numbers 
showing the years of growth are next to the darker bands. 
The peripheral band of all sections is a darker band 
corresponding to winter growth prior to the May 2005 
collection 
 
(A, B) Young colonies 1 to 2 years of age. (C-E) Adult 
colonies 10, 15, and 18 years-old 
Von Bertalanffy Growth function (VBGF)  
Ht = H∞ (1 – e -Kt) 
“Ford-Walford plot”  method for 
parameters estimation 
K = -ln (slope) = 0.041 
L∞ = intercept / (1-slope) = 81.7 cm 
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Height at age t (cm)
y = 0.959x + 3.308
R = 0.970
p  < 0.001
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Age (years) Height at age t (cm) Height at age t+1 (cm) 
1 4 7 
2 7 10 
3 10 10 
4 10 13 
5 13 11 
6 11 19 
7 19 22 
8 22 28 
9 28 31 
10 31 30 
11 30 31 
12 31 34 
13 34 38 
14 38 36 
15 36 41 
16 41 
Age specific growth curves of colonies of 
the Caribbean gorgonian coral 
Pseudopterogorgia elisabethae in the 
Bahamas (western Atlantic) 
 
The age-size relationship, obtained from the 
application of the Von Bertalanffy growth 
model to linear extension rates measured in 
the field, is compared to age-size data from 
microscopic analysis of growth rings.  
(A) Relationship between colony age and 
colony height. 
(B) Relationship between colony age and 
colony dry mass 
 
Marked points (circles) are heights and 
masses of colonies for colonies collected at 
Cross Harbour whose age was determined 
from growth ring analyses 
Age class distribution of Pseudopterogorgia elisabethae colonies from San 
Salvador 1999. Ages of the colonies were estimated from colony heights 
using a Von Bertalanffy growth function derived from growth rates of 
colonies at San Salvador.  
Age at sexual maturity 
N = 181 
Surveyed area = 70 m2 
Population dominated by young 
individuals: 65.2% of colonies are 
under or at the age of sexual maturity 
Determination of the rate of mortality (Z) 
ln Nt = at + b 
Nt = numbers in each age class 
t =  age 
Z = - a 
b =  natural logarithm of the number of 
individuals at age zero (N0) 
 
ln
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y = -0.179x + 3.407
R2 = 0.862
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Pseudopterogorgia elisabethae 
San Salvador population 
Age classes excluded 
from the mortality-rate 
analysis  
N = 20 
P < 0.001 
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Survivorship curve for members of 
the San Salvador population
Z  = 0.179
N t  = N 0e
-Zt  = 30.2e -0.179t  
N 0 = e
3.407 = 30.2 
Average age of individuals (turnover time) = 1 / Z = 6 years  
Maximum longevity of individuals = 30 years  
Pseudopterogorgia elisabethae 
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Age (years) 
Age (years) Colony height (cm) Colony dry mass (g) Survivorship Yield (g rec.-1)
0 0 0.00 1.000 0.000
1 4 0.03 0.836 0.027
2 8 0.13 0.699 0.092
3 11 0.29 0.584 0.169
4 14 0.50 0.489 0.244
5 17 0.75 0.409 0.308
6 20 1.04 0.342 0.357
7 23 1.37 0.286 0.391
8 26 1.72 0.239 0.410
9 28 2.09 0.200 0.416
10 31 2.47 0.167 0.413
11 33 2.87 0.140 0.400
12 35 3.27 0.117 0.382
13 37 3.69 0.098 0.360
14 39 4.10 0.082 0.335
15 41 4.52 0.068 0.308
16 43 4.93 0.057 0.281
17 45 5.34 0.048 0.255
18 46 5.75 0.040 0.229
19 48 6.14 0.033 0.205
20 49 6.54 0.028 0.182
21 51 6.92 0.023 0.161
22 52 7.30 0.019 0.142
23 53 7.66 0.016 0.125
24 55 8.02 0.014 0.109
25 56 8.36 0.011 0.095
26 57 8.70 0.010 0.083
27 58 9.03 0.008 0.072
28 59 9.34 0.007 0.062
29 60 9.65 0.006 0.054
30 60 9.94 0.005 0.046
P. elisabethae San Salvador  population 
 
Beverton and Holt  model 
 
cohort yield = individual mass at age t x percent survival at age t 
 
Point of cohort maximum 
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Pseudopterogorgia elisabethae. Age class distribution of 
populations, at West End, Grand Bahama Island 2007, and San 
Salvador Island 1999. Neither population has been commercially 
harvested. Line represents expected abundances for a population with 
a stationary age distribution 
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Pseudopterogorgia elisabethae. Age class distribution of colonies’ dry biomass, and Beverton-Holt 
population yield curve in unfished populations at West End, Grand Bahama Island (2006), and San 
Salvador Island (1999). Observed biomass bars shaded gray are for colonies that have not reached 
reproductive size. Arrow denotes age at which the harvest will yield the maximum yield 
 
16% 
12% 
The age at maximum yield occurred 2-4 years after the age at sexual maturity 
Parameters of the Beverton and Holt fishery management model, calculated for two 
natural populations of Pseudopterogorgia elisabethae in the Bahamas. M is the 
instantaneous rate of natural mortality (year-based analysis); MYR is the maximum 
yield per recruit; MSY is the maximum sustainable yield; MSL is the minimum size 
limit; MSY(colonies) is the number of colonies at or above the minimum size limit that can 
be removed per year per hectare. 
Natural 
population 
Standing 
crop: # 
colonies 
hectare-1 
Standing 
crop: kg of 
dry mass 
hectare-1 
M  Recruitment: # 
recruits yr-1 
hectare-1 
MYR: g 
recruit-1 
MSY: kg of 
dry mass yr-1 
hectare -1 
MSL: 
colony 
age (yr) 
MSL: 
colony 
height 
(cm)  
MSY(colonies): # 
colonies yr-1 
hectare-1 
West End 175,000 81.5 0.246 43,000 0.19 8.1 7 21 4414 
San 
Salvador 
26,000 27.0 0.179 4,600 0.42 1.9 9 28 523 
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Regrowth of colonies 
after harvesting 
Pseudopterogorgia elisabethae. Linear 
growth rates of clipped colonies 1 and 4 
years after clipping are compared with 
natural growth rates expected for unclipped 
colonies of same age or 
size. VBGF, is the Von Bertalanffy growth 
function obtained from 
microscopic analysis of growth rings, 
described in Goffredo and Lasker (2006) 
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Regrowth of colonies 
after harvesting 
Pseudopterogorgia elisabethae. Dry mass 
growth rates of 
clipped colonies 1 and 4 years after 
clipping are compared with 
natural growth rates expected for 
unclipped colonies of same age or 
size. VBGF is the Von Bertalanffy growth 
function obtained from 
microscopic analysis of growth rings, 
described in Goffredo and 
Lasker (2006) 
 
Pseudopterogorgia elisabethae colony that was 
initially harvested 12 Sept 1997 and was then 
collected in March 1999. Lines near base indicate 
points at which the colony branches were cut in 
the original harvest. Grid lines are 10 cm apart 
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HARVESTED POPULATION 
NATURAL  POPULATIONS 
CONCLUSIONS 
 
- compensatory growth is clearly a key component in maintaining the 
populations of P. elisabethae at the harvested sites 
 
- the Beverton-Holt model provides a conservative estimate of the yield 
that the fishery can generate 
 
-reduced recruitment at the harvested sites may be a consequence of 
reduced fecundity and settlement caused by the harvest 
 
- The Beverton-Holt model can be developed from data that can be 
collected in a single field season and thus can provide a starting point for 
an adaptive management approach for a new fishery 
